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My present invention relates in general to di-
rective radio antennas, and in particular to means
for illuminating a parabolic reflector with energy
from an open-ended wave gulde positioned at the
focal point thereof.

In radio apparatus employing frequencies suf-
ficiently high to permit the use of wave guides
for transmission lines, and parabolic reflectors as
elements in the antenna systems thereof, it is
convenient to construct a directive antenna of

a parabolic reflector or paraboloid having an-

open-ended wave guide transmission line mount-
ed in and projecting through a hole at the cen-
ter and along the axis of such reflector, up to
but not quite touching the focal point thereof.
Energy emerging from the open end of the wave
guide may then be reflected to the paraboloid by
a small disc mounfed on a suitable frame near
the mouth of the wave guide. The reflecting disc
and the mouth of the wave guide are usually posi-
tioned to include between them the aforemen-
tioned focal point.

A chief difficulty with this type of illuminating
source for a parabolic reflector is that in effect
a ring source of illumination is obtained from
the reflecting dise rather than.a point source,
and therefore, the energy illuminating the para-
boloid cannot be made to come effectively from
the focal point thereof. Consequently, the beam

reflected from the paraboloid will be distorted.

and contain a relatively large number of side
lobes and the gain of the main lobe will be smaller
than is desirable.

It is therefore an object of my invention to
provide illuminating means for a parabolic Te-
flector that will produce a point source of radia~
tion which may be adjusted substantially to coin-
cide with the focal point of the parabolic- re-
flector. Broadly, this object is realized by pro-
viding an open-ended wave guide for illuminat-
ing the reflector, the open end of the wave guide
being located near the focal point of the re-
flector. A metallic web lying in a plane per-
pendicular to the direction of the E vectors of
the wave in the wave guide is mounted in the
open end of the wave guide, and extends out-
wardly therefrom a short distance to include the
said ‘focal point. An array -of rod shaped an-

tennas-is mounted perpendicularly in this web-

and is arranged to provide a virtual point source
of illumination. This point source is made to
coincide with the focal point of the reflector.
As will be appreciated from the discussion here-
inafter to follow, any conventional array of an-
tennas may be mounted in the web of my inven-
tion.

(CL 250—33.65)

10

15

20

30

35

40

45

50

2

It is & further object of ‘my invention to pro- -
vide such illuminating means that will be. self-
supporting mechanically and reqmre no external
struts or framework.

It is a still further object of my invention to
provide such illuminating means that will be
able to be mounted in the open end of .a wave
guide without interfering with or attenuating the
energy passing therethrough.

These and other objects and features of my
present invention will become apparent upon a
careful consideration of -the following detailed -
description when taken together with the accom=
panying drawing, the figures of which 111ustrate
typical embodiments of my invention.

In the drawing:

Fig. 1 is a side sectional view of an antenna in
accordance with my invention; .

Fig. 2 is a cross sectlon along the line IT—IT
of Fig. 1;

Fig. 3 illustrates the antenna of Pigs. 1 and 2
incorporated in a system having a parabolic re-
flector, the reflector being partly broken away;

Fig. 4 is a top view of another -antenna in

accordance with my invention;

Fig. 5 is a cross section along the line V—V
of Fig. 4;

Fig. 6 is a cross section along the line VI—VI
of Fig. 4; and

Fig. 7 illustrates the antenna of Figs. 4 to 6
inclusive in combination with a truncated para-
bolic reflector.

In Figs. 1 and 2, a rectangular wave guide 10,
having an open'end |1 with the outer surrounding
edges 12 of the top and bottom walls beveled
toward said open end II,
mounted in said open end and extending out-
wardly therefrom along the longitudinal axis
A—A of the wave guide 10. The web 13 may
be mounted in the open end i1 of the wave guide
10 in any convenient manner, as for example,
by slotting the narrow -walls of the said wave
guide and inserting the web 13 in the slots and
soldering it in place. The web 13 may extend
a short distance into the wave guide 10. The
wave guide 10 is adapted to carry electric waves
in a mode having the electric vectors E directed
transversely to the axis A—A, and the web I3
lies in a plane which is substantially perpendicu-
lar to the direction of said electric vectors E.
First and second rod-shaped antenna elements
{4 and 15 which each may be in the neighbor-
hood of one-half wave length long are mounted
substantially perpendicularly in and through the
web 13 along an extension of the axis A—A. The
antenna elements {4 and 15 may have different

has a flat web 13 °




3 _
lengths, in the present example the one 15 fur-
thest removed from the opening | being the
longer. - Thus the longer element 15 may act in
the maner of parasitic reflector with respect to
the shorter element (4, or the shorter 14 as a
parasitic -director for the longer 15, depending’
upon the choice of length Ii and Le thereof with
respect to the length of said electric waves.

In:-
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" spectively.

the present example, the two antenna elements- -

{4 and 15 are arranged so that together they
appear to effect the interchange of energy be-

10

tween the wave guide 13 and'space -at'a point::

. P located on the line between: thelr centers.:
Thus, when the system of Figs. 1 and’'2 is radiat~

ing, the point P seems to be a pomt source of ]

radiation.

The shorter antenna elemept {4 of length L1

_ gui de"i LT

4

In Figs. 4 to 6 inclusive, there is illustrated
another embodiment of my invention having a
wave guide 38 with an cpen end 3{ and a web 32
therein similar ¢ to uhe web i3 of the embodn:n nb
of Figs. 1 a1d 2. " 'The weli: 2L dupports twolgroups
of rod-shaped ante*ma element eath group com-~
prising first and second elemems 33 and 34 re-
Hach group is arranged in a line
which is.pasallel to the axis. B—B of the wave
The groups are spaﬁed apart laterally
substantially a hali wave length and preferably
have the axis B--R- equidistantly contained be-
s tweent them Matcking curtains &8 are provided

" .Cin’-¢onventional - fashion for matching out the

15
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is spaced outwardly from the open end 1§ dis- -

tance di while the longer elemecnt {8 of length
Latis: spaced-still: further: outwamly, fwm"the
shorfer-élement 44 a distancs dal.As
ent from known: antenmaspractice;

perimentally to provide & desired patterin. 24 &pe-
cific set‘of dimensions which:I have foundosuit=
able for'use in 111um1natm°.-a, pa,raoohc :reﬂectm
are as follows:

The length Ia of the sho1ter element !4 should
be approximately 0.44x;

The:length Lo of .the lonver element la shoa]d
be approximately 0.50 ;. . ...

The spacing di-may yary. from uhe hzmt af” 0 1?‘
A to 0.16xn; and . .

The spacing dz2 may vary betweemthe limits. 0 13
A $0.0.20.); ! .

hese d;stances_ g
and lengths di, ds, Li and L. mayhe: vanﬁd e
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&
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where A is the free: spate Wave 1ength of the :

wave being. carried in the wave guidesi9). 'Thése
dimensions, however, are typical of a spetific
case only, and-not the only dimensions:thait ma,y
be ‘used with: this antenna:of my: invertion: ;= - ’

In operation, energy in'the wave guide g Jgv-
ing:electric vectors E may proceed. frdm the wave

40

guide 10 into space through thetopenend:1{;: -

The antenna element’ 5 being of a lengih: eq""l

45

to a half wave length will he resonant to these:

waves, and. will ‘start:to radiate.”” Thet :shofter
antenna element (4 acts as a parasm’ diréctox
for the longer -antenna -elenient- +8;-50:that.the
two - elements - together

gu1de-»m lacting -at-the 'samé -time -as -a pomt

‘radiate- 1n 2 mrecilonf
which is back over the outer wall ¢f t’he “wave

diréctor. :

50

source centered-at- the pomt P07 This prosess-is -
reversed: upen reception, indsmuechras an’ anbenua'»--

will work e_qually well in both’diréctions.:
3, the apparatus {ilustrabed in F1

&

and 2 is shown mounted iA‘and through an open~ ;
the'wave guide 48+

ingin g pa,rabohc reflector- ag:
being’coaxial with the agis 6f tne reflector 29" and:
exténding toward but Hot- reaching the focal pomt
P’ of that reflector. 'The elements 44 and 45°4
S0 positioned:that the point: P contalned betwe

:53
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them is substantially coincident with theé: *ocahi

poinit P’ of the reflector 29. ¢ Thus;: upon transs -
65

mission, (rays-2{ emanating from ‘the mouthlof

the wave:guide. {0 and: the array therein will bei:
reflected” from. the .reflector:28:9s o collimated =
beam of rays 22.::Likewise, in reverse; a collimated.-

beamof: energy:or-waves reaching the reflector

29 will:be-brought:to ‘the focal point> B andrinto.
the:wave guide 0. - Thus the antenna array-of

70

my:invention- may: be-used “for iluminating a2
paraholic’ reflector 0 ‘providesa narrow beam of
energy having high. gain-in:the:mgjor lobe and -

simultaneously having.low.or smallminor ‘lohes.:

78

.33 and 24:and the web 32.
.paratus of Tigs. 1 and 2, the array comprising

susceptance introduced by the array of antennas
Again, as in the ap-

the antennea-elements 33 and 84 will aid in the
interchange of energy between the wave guide
30 ‘and free:spaceas if this energy were:coming
fromr or ‘enteringthewave. guidé at a ,p'o‘int;P’ X
contained among the elements 3% and 34iresped=
tively. " Likewise, s in the apparatus of! Figs.: 1 :
and 2, the wave guide 38 is adapted:to: carry- ‘elegs: -
tric waves-in. which. the’ electric:vector B is di-
rected transversely ‘to the axis:B—B and the web::
32 lies in. a plane substantially ‘perpendicularitor:
the direction of:these ‘electric vectors:E.& -

A specific set: of ‘dimensions:fof: the. appathS
illustrated:in Pigs: 4 t0 6 11101.151ve is as. foTlews

The distanhee from each first radmtor 33710 u}w .
open end $1i.of the wave guide 3915 0.172°N:

The distance between a first antennsa elerment ?3
and its associated second elernent.24i5 0.25 X;-.

The lateral dlstance between grOUps of antenna :
elements is % A,

A suitable distance hetween: the ma;tchmg curtaln
-35-‘and ‘the epening"3i s 9.446-X. ~ These dimen=::
sions.will-provide an array:in-theopen:endiof the it
wave guide 30 which is suitable.for:illiiminating
a parabolic: reflector  as will hereinaftér: be'ex-
plained. .. However; it »is ztothe " understogd that::
these’: dlsi:a,m:eu and'mmensxons argrexemplary o
cnly ‘and not the only: distances which, are:suiti:
able:for-useswith this' antenng: of imy” ‘Invention:

In-operation; the apparatus of Figs 4:1076 in
clusive'is similar-to the apparatus of Figs: 1 and:
2, in that, energy proceeding from thewave guider
38: will.excite :the antenna elements 33:and 3472
into. radiation -since they: are ‘of - suostantlallj
resonant lengths. The first elements: 33 may act
as. parasitic -directors for:the' respective-second
elements: 34-as hereinabove set- forth,- thereby
causing” the radiation to:be -directed back over -
the outer walls of the wave-guide 30.- Since there"
are two.-groups of antenna clements 33 and 24+
side by side and spaced a half wave length apart
“in- accordance with conventional @ntenna array:
theories, .the beam will' have narrow: d1rect1v1ty
in the plane of thée web-32 with respect-to the
directivity in a plant perpendicular to that web.-
This is usuable in lluminating a truncated parg--:
- bolic reflector as will bie now explained;’

In Fig. 7, the antenna of Figs: 4 to 6 1nclu51ve
is mounted in and through a truncated parabohc -
reflector”48-having opposite portions X removed
as by cutting along substantially parallel chordq
“The wave guide 28 is'so positioned in the: reﬁector -
85 that the E vectors-of the’ radiation-carried -
thereby will:be directéd horizontally: Agam as”
before,: the -wave - guide 138: is coaxial ‘with' the -
reflector 40 and ‘extends up to but does not quite -
reach the focal P’ thereof. The array compris='-
ing antennas 33 and 34 is so positioned with re=s-
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spect to the parabolic reflector 40 that its point

of radiation P is substantially coincident: with

the focal point P’ of the reflector 40. :
Operation of the antenna of Fig. 7 is s1m11ar

- to the operation of the antenna of Fig. 3 except -

that the beam will be ‘somewhat fan shaped, be-
ing broader in the vertical direction than in the
horizontal direction ‘due -to the fact that the
parabolic reflector is truncated at the top and
bottom and therefore does not have the resolving
power or the beam forming power that it has in' a
horizontal plane.
of radiators 33 and 34, side by side, provides suf-
ficient directivity properly to illuminate. the:cut
paraboloid 40 in the narrow dimension.

Since certain changes may be made in the
above described invention and gifferent embodi-
ments of the invention may be made without
departing from the scope thereof, it is intended

_ that all matter contained in the above descrip-

tion or shown in the accompanying drawings

shall be interpreted as illustrative and not-in a
limiting sense. It is further intended that this
invention is not to be limited except ‘insofar:as
is necessitated by the prior art and the splrlt ‘of
the appended claims.

‘What-is claimed is:

"The provision of two groups

<
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1. A radio antenna comprising, an-opern ended

wave guide adapted to carry electric waves in
a mode having its electric vectors directed trans-
versely to the longitudinal axis thereof, a sub-

stantially flat metallic web mounted in the open’

end of said wave guide and projecting’ ‘outwardly
therefrom in a plane substantially perpendlcular
to the direction of said electric- vectors, and an
array of rod-shaped antenna elements substan-
tially resonant to said waves mounted at various

points in said web substantlally perpendlcularly

to the plane thereof.

2. A radio antenna comprising, an open ended
rectangular wave guide adapted to carry electric
waves in a mode having its electric vectors di-
rected transversely to the Ilongitudinal axis
thereof, a substantially flat metallic web mount-
ed in the open end of said wave guide and pro-
jecting outwardly therefrom in a plane substan-
tially perpendicular to the direction of said elec-
tric vectors, and an array of antenna elements
comprising first and second rod-shaped antenna
elements substantially resonant to said waves
mounted substantially perpendicularly in said
web in spaced relation along a projection of said
axis, one of said elements being shorter than

the other, said array providing substantially a,
point at which said waves are interchanged be-,v

tween said wave guide and space.

3. Apparatus in accordance ‘with c1a1m 2 m:;
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which said first and second ‘antenna elements:

are respectively substantially 0.44x and 0.50\
long, said first element is spaced outwardly a
distance equal to a value contained substantially
between the limits 0.12\ fo 0.16n from the open
end of said wave guide, and said second element
- is spaced farther outwardly a distance equal fo
a value contained substantially between the
limits 0.13) to 0.20) from said first element, where
A is the free space length of said electric waves.

4. A radio antenna comprising, an open ended
rectangular wave guide adapted to carry electric
waves in a mode having its electric vectors di-
rected transversely to the longitudinal axis there-
of, a substantially flat metallic web mounted in
the open end of said  wave guide and projecting
outwardly therefrom in a plane substantially per-
pendicular to the direction of said electric vec-

60
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6 -
tors, and an array of-antenna elements substan-..
tially.resonant to said waves comprising first and -
second laterally adjacent-linear groups-of an-
tennas, each ‘group ‘comprising ‘first and second -
rod-shaped antenna elements mounted substan-
tially perpendicularly in said web in spaced rela-
tion along .a line parallel to said axis, said first
elements being of different length than said sec-
ond elements, said array providing substantially
a point:at which said waves are 1nterchanged be- ;
tween said wave guide and space. :

5.  Apparatus in -accordance  with clalm 4.in
which ‘said first -elements are each spaced out~
wardly: from said open end .a .distance substan=:
tially equal to. 0.172- X, said second elements are
each spaced further outwardly from the dssoci<
ated first element a distance substantially equal
to 0.25), and said groups are spaced apart later=

‘ally a. distance: substantially equal to 0.50 A, with
" the- projection. of said axis contained equidis- -

tantly between them, where \ is the free spate
length of said waves.

6. A radio antenna comprlsmg, an open ended
wave guidé adapted to carry electric waves in a.
mode having: its electric -Vectors: directed trans--
versely to the longitudinal ‘axis thereof, a para- -
bolic reflector having a focal point, said-wave
guide heing mounted in and through ‘said re-:
flector coaxially therewith; the open end of said
wave guide extending foward ‘but not reaching
said focal point, a substantially: flat metallic web.
mounted in- said open énd: and projecting out-':
wardly therefrom in a plane substantially per--.

pendicular to the direction’of said electric vee~i:.

tors,-and an array -of rod-shaped antenna ele-.
ments substantially - resonant - to said waves -
mounted at various points in-said web substan-
tially perpendicularly to the plane thereof, said -
array providing a point substantially coincident
with said focal point at which said waves are
interchanged between said wave guide and space.

7. Apparatus in accordance  with  claim 2 in
which a parabolic reflector is mounted.céoaxially
with the longitudinal axis of said wave guide and
with ‘its focus substantlally comcldmg Wlth sa1d
point. ’

8. Apparatus in accordance with claim’ 4-in
which a paraholic reflector is mounted coaxially
with the longitudinal axis of said wave guide and "
with 1ts focus substantlally commdmg w1th sald
point. -
9. A radio antenna comprlsmg, an open ended'-
wave guide, a conductive rod resonant at the -
frequency of the high frequency wave carried by
said wave guide, and means to support said rod
a predetermined dlstance from the open end of :
said wave guide. : ’

10. A radio antenna comprising, an open ended :
wave guide, a dipole resonant at the frequency of
the high frequency wave carried by said wave
guide, and means to support said dipole a pre-
determined distance from the open end of said
wave guide.

11. A radio antenna comprising, an open ended
wave guide, an array having first and second
conductive rods substantially resonant to the
high frequency wave carried by said wave guide,
and means to support said rods in a predeter-
mined spaced relation to the open end of said
wave guide to provide a desired radiation pattern..

12. A radio antenna comprising, an open ended
wave guide, an array having a plurality of con-
ductive rods substantially resonant to the high
frequency wave carried by said wave guide, and
means to support said rods in a predetermined
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spaced:relationship:to the open end.of said wave
guide: to provide ‘a desired radiation pattern. 1. i
13.: A radio antenna comprising, an-open.ended:

wave guide; a substantially.flat support mounted .
in-the open.end-of said . wave guide and project- -
ingroutwardly: therefrom in:a plane substantially:
perpendicular.to the electric: field of the: wave .

carried by:said ‘wave guide, and:an array of an-. -
tenna- elements comprising first and second rod~:

shaped selements. substantially 'resonant :to said -

wave mounted perpendicularly in said support =

inispaced relation along a preojection of the longi~

tudinal axis-of ‘said wave guide, one of said ele~-

ments ‘being ‘shorter -than the other, said array -

providing: a sphencal Wave w1th its.origin sub-

stantially :a point.

14.. Apparatus in accordance with:claim. 13 in -
which-4 parabolic reflector is mounted coaxially

with ~said longitudinal axis-of said wave guide:
120

and:with-its focus- substantlally coxnc1d1ng w1th
said - point..

15. A wave guide feed for. ﬂlummatmg 2 dl-x

rective -high freguency antenna of the barabolic
reflector- type: comprising ian open’ ended: wave

guide positioned :coaxially :with' the axis of said: ¢

reflector,”said-wave guide extending -to6ward-but +
terminating before reaching the focal ‘point -“of

said reflector, a substantially flat support rigid-
ly mounted-at the open end of said wave guide in

a plane:.passing: through said: focal - point and
perpendicular: to the electric:field “of the ener-:

gizing wave-being carried by said wave guide,

and an- array-of parasitic antennas comprising -
firstand--second - substantially resonant rod -

shaped-elements mounted substantially perpen- - 3:

dicularly in:said ‘supportand disposed-in a pat-::
tern to radiate toward said reflector :a spherical

wave whose center:of originis at said focal point..
16.7A .wave guide~feed:for .illumirnating a di-:
rective “high frequency  antenna of:the’ trun-

40

cated parabola reflector type comprising an-.open-

ended. wave guide  positioned: coaxially with the -

axis: of :said reflector, said wave guide extending
toward but-terminating before reaching the focal

- point-of said reflector; a substantially flat support-
rigidly mounted at the open.end of said wawve:~

guide> in-‘a -plane passing:-through - said focal

point:-and: perpendicular: to the electric field of .-

the-energizing waveé carried by said wave guide, .

and an array of antenna elements substantially

resonant to said wave comprising first and see--

ond laterally. adijacent linear groups of antennas,
each group  comprising first and second r_od-
shaped antenna-elements mounted’ substantial-

1y perpendicularly in ‘said-support in spaced rela--

tion along g line parallel to said axis, said first

elements being of different length: than: said- -

second” elements, "said array radiating-a beam

8"
with .a directional pattern:to feeda truncated::
parabola, said beam having:-a pomt of radlatmn
coinciding with said.focus: point. - - -

17. Radio - transmitting .- antenna apparatm
comprising a paraboloidal reflector defining a di-- -
rective axis’ and & focal point,: ultra -high- fre-
quency - energy. -supplying. - means : extending-.:
through .said reflector .substantially “along- said:::
axis to said: focal point.for radiating energy from -

- the region of:said focal point-toward said:re-

flector -to produce energy.transmission in-a di-~..-
rective:pattern, and conductive means supported: -
by said energy supplying. means. and: positioned:-.
intermediate said: focal point-and-said reflector "
at a point.separate from -said -axis: for modify--
ing said directive transmission. pattern. .

18. A -directive. radio .antenna: comprising -a -
paraboloidal reflector defining a-directive axis and -
a focal point, an open.ended-wave guide extend-

“ing - through said reflector:: substantially along:::

said-axis toward said focal point; and a plurality.::
of resonant .dipoles -arrayed: in.a predetermined--
spaced relationship to the open end of said-wave-r
guide: for: directing energy emergmg fr om sald -;:

- wave: gulde toward said refiector:-

19. A directive radio antenna: compmsmm a s
paraboloidal reflecter defining a directive  axis
and a focal point, an open ended-wave-guide ex~
tended through said reflector substantially along
sald axis toward said focal point, a2 supporting -
web mounted in the-open-end of -said wave guide--
and projecting outwardly therefrom-:in a plane--
substantially perpendicular to the electric field of -
the wave carried by said wave guide; and 4 plu--
rality of dipoles- substantially resonant.-at-the:.
frequency of  the wave carried -by . said wave:-
guide; said dipoles being arrayed-in a predeter-::
mined spaced -relationship--in -said- supporting- -
web for directing energy emerging from said..;
wave -guide toward said-refiector.

LESTER C. VAN ATTA. -
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